We report that a longitudinal epsilon-near-zero (LENZ) film leads to giant field enhancement and strong radiation emission of sources in it and that these features are superior to what found in previous studies related to isotropic ENZ. LENZ films are uniaxially anisotropic films where relative permittivity along the normal direction to the film is much smaller than unity, while the permittivity in the transverse plane of the film is not vanishing. It has been shown previously that realistic isotropic ENZ films do not provide large field enhancement due to material losses, however, we show the loss effects can be overcome using LENZ films. We also prove that in comparison to the (isotropic) ENZ case, the LENZ film's field enhancement is not only remarkably larger but it also occurs for a wider range of angles of incidence. Importantly, the field enhancement near the interface of the LENZ film is almost independent of the thickness unlike for the isotropic ENZ case where extremely small thickness is required. We show that for a LENZ structure consisting of a multilayer of dysprosium-doped cadmium oxide and silicon accounting for realistic losses, field intensity enhancement of 30 is obtained which is almost 10 times larger than that obtained with realistic ENZ materials. Materials with extremely small permittivity, namely epsilon near zero (ENZ) materials have been at the focus of attention due to their natural existence in optical frequencies and their unprecedented properties. Realization of ENZ behavior has been achieved using multilayer stack of metal and dielectric [1] , 3-D periodic array of dielectric-core metallic-shell nanospheres with fluorescent dyes in the core of each nanoparticle for the loss-compensation [2] or employing metal-coated waveguides at their cut-off frequency [3] . Owing to their extremely large velocity of phase propagation, such materials enable linear applications such as tailoring radiation emission [4] [5] [6] [7] , energy squeezing and supercoupling [8] . On the other hand ENZ materials can be utilized to achieve huge field enhancement. In [9] the field intensity enhancement (FIE) of a isotropic ENZ semi-infinite medium and a isotropic ENZ slab under TM (transverse magnetic) plane wave incidence are theoretically investigated. Exploiting this ability, optical nonlinearities such as second or third harmonic generation [10] [11] [12] [13] [14] [15] and Kerr nonlinearities [16] have been enhanced significantly.
In the present letter we establish that under TM wave incidence a uniaxially anisotropic epsilon near zero film exhibits remarkably stronger FIE than isotropic epsilon near zero. Hereafter, we will use IENZ for isotropic epsilon near zero studied in [9] for comparison. The film whose surfaces are normal to the z axis, shown in Fig. 1 . Particularly we show that the specific type of anisotropy useful for super-field enhancement occurs when the zz entry of the permittivity tensor is near zero, which in the following we call it longitudinal epsilon near zero (LENZ) condition. Most interestingly, we show that FIE in LENZ films occurs for a very wide range of angles of incidence and is almost independent of the film thickness unlike IENZ films where such features occur for a fix angle and extremely thin films [9] . To the best of our knowledge, significant field enhancement can't be achieved using realistic ENZ materials due to inherent material losses. Remarkably, in this paper, we introduce a LENZ structure that provides large field enhancement despite having realistic loss which paves the way for a wide range of applications associated to second harmonic generation and enhanced field emission. Indeed, through reciprocity, we demonstrate that a z-polarized dipole located in the LENZ film has stronger far field radiation compared to the IENZ case. The geometry of the investigated problem is depicted in Fig. 1 . We first investigate the FIE in a film with thickness d under a TM plane wave as in Fig. 1(a) , and then we investigate the radiative emission enhancement of a point dipole inside a LENZ film as illustrated in Fig. 1(b 
, it is convenient to define the local z- Notably, we observe that FIE is the lowest for the IENZ case compared to LENZ cases with larger t   . As the anisotropy of the film becomes starker, the FIE increases significantly, in other words, it is better not to have a vanishing
Importantly, the plot shows that LENZ leads to not only larger FIE, but also to a wider angular span of large FIE, contrarily to the IENZ case that provides large FIE only on a very limited angular range [9] . We now exactly show the reason of the physical behavior that differentiates the LENZ from the IENZ: assuming 1 1   we substitute  from (3) in (4):
From this equation one may observe that for isotropic film with permittivity 2 0 (5) in the geometry of Here the denominator goes to zero as 0 z   which causes the FIE to tend towards infinity for the LENZ case. Note that to obtain giant FIE is not necessary to illuminate with small incidence angle  , whereas in the IENZ case only for small  , one can get giant FIE. The results of FIE are shown in Fig. 2 (b Fig. 3(a) we reproduce the same set of cases as in Fig. 2 (a) but with higher film loss modeled by 0.01
reporting that FIE decreased drastically due to the loss. However LENZ still yields higher FIE compared to IENZ (marked with dashed white line). To better appreciate FIE superiority of LENZ over IENZ in a wide angular range both in low and high loss cases, in Fig. 3 . With similar imaginary part of permittivity, the FIE of LENZ is two orders of magnitude higher than that for IENZ for a very wide range of angles of incidence. Moreover, the angular range at which FIE occurs is much wider in the LENZ case than in the IENZ case. Using angular full width at half maximum (FWHM) of FIE defined as the range of angles in which FIE is higher than the half of its maximum value, the angular FWHM of FIE in the low-loss LENZ case is at least 45˚ whereas for the low-loss isotropic case is less than 12˚.
Another important quality of FIE in LENZ is its high value over a range of z-locations within the film. This is reported in Fig. 4(a) , the FIE has a more uniform distribution inside the film, and the FIE is at similar levels as in thicker films, so thickness is not important to have large FIE near the interface, contrarily to the IENZ case [9] . In Fig.  4(b) the dependence of FIE on the film thickness ( /1 its thickness is clearly shown, in contrast to IENZ films where FIE is large only for extremely small thickness. This property is simply understood from equation (8) , and silicon with permittivity taken from [18] . Using effective medium approximation (EMA) [19] , LENZ condition for the homogenized structure occurs at λ0= 1867.9 nm for which 0. ). Also, to better appreciate the remarkable effect of LENZ, we have provided the FIE of indium tin oxide (ITO) at its ENZ frequency [13] . Films have thicknesses
, where the wavelength is the one at the respective LENZ and ENZ conditions . As it can be seen, not only FIE for the multilayer (LENZ) is higher for all angles of incidence than bulk CdO:Dy but also the maximum of the former is 12 folds the maximum of the latter. The FIE of ITO is even less than the FIE of CdO:Dy due to its higher loss indicating how FIE in ENZ is in general not practical unless you can use t   as in LENZ to overcome the loss.
Giant z-polarized E-field enhancement inside the film for a wide range of angles of incidence in LENZ also implies, via the reciprocity theorem that a z-polarized dipole located at the E-field hotspot in a LENZ film radiates very strong far-fields over a wide angular region. Hence, we show next the capability of LENZ films to enhance a dipole radiation emission. This is described by resorting to the key parameter [20] rad fs REE / , PP 
where REE is the radiative emission enhancement, rad P is the power radiated in both top and bottom vacuum halfspaces by an impressed dipole located inside the film and fs P is the total power emitted by the same dipole in free space. which is also dissipated as loss in the LENZ film. In Fig. 6 In conclusion, we demonstrated the unique ability of LENZ films to generate electric field enhancement and why it is superior to what can be obtained with IENZ. We showed that for the same level of loss, LENZ gives much higher FIE than IENZ and also occurs for a wider range of angles of incidence compared to the IENZ. Furthermore, FIE is almost independent of the thickness of the film unlike the IENZ case where the film has to be extremely thin. Remarkably, losses plays a major role in practical IENZ cases for generating FIE but loss effects is instead overcome in LENZ by increasing t  . Finally, radiative emission in LENZ is higher than in IENZ films and it occurs over a wide angular region with possible applications also in light generation [21] .
